THE intravenous administration of salt solutions to hypertensive subjects is followed by a more rapid excretion of salt and of water than in normotensive subjects.1-7 The special role of water diuresis, as separate from the excretion of sodium, in such experiments has been noted by several workers. 3 7 8 In a previous report from this laboratory it could also be shown that the infusion of reconstituted human plasma caused an increase in water excretion, without natriuresis, in hypertensive patients, which was absent in normal control subjects. 9 As it was observed occasionally that patients with mild, labile hypertension also reacted to salt loading with increased water and salt excretion, even when their blood pressure was entirely normal at the time of the study, it appeared possible that this response might be characteristic of the hypertensive subject, independent of the actual level of the blood pressure, and might even be demonstrable in the "pre-hypertensive" state.
The following is a report on plasma-infusion experiments carried out in a group of healthy young women, who had had toxemia of pregnancy, and in a control group of women after normal delivery. The occurrence of toxemia in otherwise healthy women is regarded by many of hypertension in later life.'0-'4 Thus, such a group of subjects can be assumed to comprise a larger proportion of "pre-hypertensive" individuals than the control group and, if the above outlined assumption were correct, it could be expected that both these groups would show different responses to the infusion of plasma.
Material and Methods
The experiments were carried out in seven women, between 20 and 30 years of age, who had had toxemia of pregnancy 3 to 10 months previously. At the time of the study they had normal blood pressure and normal renal function. Six control studies were carried out in five women of about the same age, who had had uneventful pregnancies. Age, time after delivery, and blood pressure are shown in the tables. The subjects were under no dietary restrictions. The experiments were started at about 8 a.m. with the infusion of a 5-per cent glucose solution at the rate of 2.6 ml. per minute. This infusion was continued for about 3 hours, until a constant urine flow was observed for 3 or 4 consecutive collection periods of about 10 to 12 minutes. The infusion was then changed to one of reconstituted human plasma,* which was infused at the rate of 5.2 ml. per minute for about one more hour. To both solutions inulin was added for the determination of the glomerular filtration rate. Urine was collected through a soft, multi-eyed rubber catheter. Blood samples for the determination of osmolality and inulin were taken at regular intervals via an indwelling femoral arterial needle. The urine samples were analyzed for inulin, osmolality, sodium, and chloride. Tables 1 and 2 show the results of the in-ULLMANN ET AL. In all the normal subjects, the urine flow decreased and the urinary osmolality rose after the plasma infusion was started. Accordingly, the free water clearance, wvhich had been positive during the glucose infusion, became negative in all instances. This response lasted throughout the duration of the plasma infusion. The urinary excretion of sodium and chloride, as well as the total osmolar excretion, did not show consistent changes. The glomerular filtration rate increased in most instances, although the urine flow decreased. In one experiment (A.T.), a drop in the glomerular filtration rate was observed.
Results
In contrast, in all the "post-toxemic" women a rise in urine volume together with a drop in urinary osmolality occurred with the beginning of the plasma infusion, and the free water clearance increased or changed from negative to positive. One subject (E.R.) showed at first a slight antidiuresis, which was followed, however, by a diuretic response as in all other subjects in this group. The excretion of sodium and chloride, as well as of total solutes, decreased in nearly all instances, in some cases transitory rises were observed (M.R., B.T., S.S.). The glomerular filtration rate showed only minor changes, usually in an upward direction.
Discussion
The difference in the renal response to plasma infusion between the two groups consisted mainly in the changes in urine flow and free water clearance: while in the normal control subjects a definite antidiuresis was observed, the post-toxemic women reacted with an increase in urine flow, a fall in urinary osmolality and a rise in free water clearance. No increase in the excretion of sodium and in total solute output occurred. The responses observed in these two groups were equal in direction and magnitude to those found in our previous study on normotensive and hypertensive subjects. 9 The occurrence of a diuretic and antidiuretic response in two groups of subjects under the described conditions points to the influence of opposing factors, to which the two groups reacted differently: the amount of infused plasma and the speed of infusion on the one hand, and the presence of antidiuretic material in the infused plasma on the other hand. An antidiuretic factor is present in shed blood and in plasma in varying amounts, as has been abundantly demonstrated and measured by bioassay in many studies.15 Antidiuresis has also been observed to occur in man during the infusion of moderate quantities of blood (200 to 450 ml.), drawn from subjects in circulatory collapse.'6 Moreover, antidiuretic material has been quantitatively determined in the dried plasma preparation (Lyovac) used in this and in the former study and has been found to be of the order of magnitude (15 to 20 micro-units per ml.), which causes antidiuresis in normal hydrated men. '7 On the other hand, plasma infusions have been shown to cause diuresis in normal subjects18 similar to the diuretic effect of the infusion of isotonic saline, iso-oncotic albumin solutions and other procedures, by which the volume of the extracellular fluid or the state of filling of a critical site within the vascular bed is increased.'19 20 Such a volume-regulating mechanism, although still hypothetical in some respects, appears to influence renal water and solute excretion independently, the regulation of water excretion being more sensitive and faster in reaction than that concerned with salt excretion. 19 It appears, therefore, that the experimental conditions of our studies were such as to allow for the two opposing factors, viz. the antidiuretic material contained in the infused plasma and the expansion of the intravascular space, to bring about the observed differences in the different groups of subjects: antidiuresis in normal subjects, but a water diuresis in hypertensive subjects and in normotensive women after toxemia of pregnancy.
Circulation, Volume XXXI, June 1965 The observed difference in response to the plasma infusion, both in the previous and in the present study, may be due to one or both of the following underlying causes: 1. Differences in the tubular sensitivity to antidiuretic substances or in the turnover rate of endogenous and exogenous antidiuretic material. 2. Unequal responsiveness of the volumeregulating mechanism that leads to water diuresis.
The antidiuretic effect of Pitressin (1 milliunit per Kg.) has been compared in normotensive subjects and in hypertensive patients by Hollander21 and no difference in the intensity and duration of the antidiuresis has been found. Such a difference, however, may exist for dosage levels of vasopressin, which are closer to the physiologic range of concentration of this hormone.
A more probable explanation for the observed differences in water excretion during the infusion of plasma appears to be the different responsiveness of a volume-regulating mechanism in the groups studied: hypertensive patients, as well as "pre-hypertensive" subjects, being more sensitive than normal control subjects to the expansion of their intravascular fluid compartment. This explanation would also account for the enhanced excretion of water in hypertensive subjects during the infusion of salt solutions and in similar experiments, where no administration of exogenous antidiuretic materal is involved. Such an explanation, which was brought forward in our former reports,7' 9 has also been suggested by Brod in a discussion on the mechanism underlying the augmented tubular rejection of water and salt in hypertension,22 and a similar interpretation of these facts has been formulated recently by Tobian.2'
The main interest of the results presented here lies in the fact that the hypertensive reaction to plasma infusions was also observed in women after toxemia of pregnancy. At the time of our examinations, these women were normotensive and had no signs of renal impairment. They differed from the normal control subjects only in that they had been toxemic in the past and that they possibly may be classified on that account as "pre-hypertensive." It is proposed, therefore, that their reaction is an anticipation of a future characteristic of the hypertensive state, and that the increased sensitivity of the volume-regulating mechanism constitutes an essential feature of the hypertensive individual, even before hypertension becomes manifest.
The increased diuretic response to expansion of the extracellular fluid space may be regarded as one of the "precursors" of hypertension and may be useful in epidemiologic and prospective studies of the disease.
Summary
Normotensive women after toxemia of pregnancy reacted to the infusion of reconstituted human plasma with a water diuresis, whereas control subjects exhibited an antidiuretic response. The latter was probably due to the presence of antidiuretic material in the infused plasma, whereas the water diuresis, which has also been found in hypertensive subjects, can be explained as the manifestation of an increased sensitivity of a volumeregulating mechanism in the hypertensive as well as in the "pre-hypertensive" state.
